In the present investigation a mixed convection in two-
Introduction
The fundamental problem of mixed convection heat transfer in lid-driven cavity has received a considerable attention from researchers. This problem is commonly encountered in a variety of engineering applications. Such applications include cooling of electronic devices, lubrication technologies, drying technologies, food processing, float glass production, flow and heat transfer in solar ponds, thermal hydraulics of nuclear reactors and dynamics of lakes. The influence of the magneticfield on the convective heat transfer and the mixed convection flow of the fluid are of paramount importance in engineering. A combined free and forced convection flow of an electrically conducting fluid in a cavity in the presence of magnetic field is of special technical significance because of its frequent occurrence in many industrial applications such as geothermal reservoirs, cooling of nuclear reactors, thermal insulations and petroleum reservoirs. These types of problems also arise in electronic packages, microelectronic devices during their operations Mixed convection in a lid-driven cavity has a lot of attention. In their investigation, Iwatsu et al. [1] made numerical simulations for the flow of a viscous thermally stratified fluid in a square cavity. The flow was driven by both the top lid and buoyancy. They investigated the possibility of a resonance structure giving rise to the intensification of the flows in the interior and associated augmentation of convective heat transport. The results of their research have shown similar flow structure to steady driven-cavity flows when exerting small frequency values. Later on, Iwatsu et al. [2] studied the mixed convection in a driven cavity with a stable vertical temperature gradient. Their results showed that the flow features are similar to those of a conventional driven cavity of a nonstratified fluid for small values of the Richardson number. Iwatsu and Hyun [3] conducted respectively two and three-dimensional numerical simulation of mixed convection in a square cavity heated from the top moving wall. The comparison of the three-dimensional numerical solutions with those of the results of two-dimensional illuminates the impact of thermal stratification on the threedimensional flow characteristics. The results also show that the flow structures depends on the Richardson number. Mixed convection in enclosures for various different boundary conditions has been studied by Gebhart et al. [4] and Hasnaoui et al. [5] . Oztop and Varol [6] performed a numerical study to obtain combined convection field in an inclined porous lid-driven enclosures heated from one wall with a non-uniformly heater. It was observed that flow field, temperature distribution and heat transfer are affected by inclination angle of the enclosure. Lee and Chen [7] obtained finite element solutions of laminar and turbulent mixed convection in a bottom heated square cavity. Moraga and López [8] performed a numerical analysis of three-dimensional model of mixed convection in an aircooled cavity in order to compare the variations in different properties with the results of twodimensional models. The comparison shows that a 3-D model is needed to capture the fluid mechanics for Ri = 10 when 10 ≤ Re ≤ 250 and to calculate the global Nusselt number when Re = 500 for Ri < 1.
Wang and Chen [9] analyzed forced convection in a wavy-wall channel and demonstrated the effects of wavy geometry, Reynolds number and Prandtl number on the skin friction and Nusselt number. Their results have illustrated that the amplitudes of skin friction coefficient and Nusselt number had increased with an increase in the amplitude to wavelength ratio. Al-Amiri et al. [10] investigated mixed convection heat transfer in lid-driven cavity with a sinusoidal wavy bottom surface. Their findings were that the corrugated lid-driven cavity could be considered as an effective heat transfer mechanism at larger wavy surface amplitudes and low Richardson numbers. Garandet et al. [11] studied natural convection heat transfer in a rectangular enclosure with a transverse magnetic field. Sharif [12] investigated laminar mixed convection processes in shallow two-dimensional rectangular cavities at three different Richardson numbers representing the dominating forced convection, mixed convection, and dominating natural convection using the Fluent commercial code. The effects of inclination of the cavity on the flow and thermal fields are investigated for inclination angles ranging from 0° to 30°. Interesting behaviours of the flow and thermal fields with increasing inclination are observed. The streamline and isotherm plots and the variation of the local and average Nusselt numbers at the hot and cold walls are presented. The effects of inclination of the cavity on the resulting convection processes are also investigated. The average Nusselt number is found to increase with cavity inclination. The rate of increase of the average Nusselt number with cavity inclination is mild for dominating forced convection case while it is much steeper in dominating natural convection case. It is worth noting that most of the previous studies on enclosures with a form of wavy surfaces were concerned with natural convection. Mixed convection of power-law fluids along a vertical wedge with convective boundary condition in a porous medium was studied by Khan and Gorla [13] . For example, Adjlout et al. [14] reported a numerical study of the effect of a hot wavy wall in an inclined differentially heated square cavity. Tests were performed for different inclination angles, amplitudes and Rayleigh numbers for one and three-undulations. The trend of the local heat transfer is wavy. The mean Nusselt number decreases comparing the square cavity. Aich et al. [15] analyzed the natural convection in a prismatic enclosure. They indicated that, the temperature decreases by increasing of Rayleigh number. Kumar [16] made a numerical work for the natural convection in a porous enclosure which their vertical wavy surfaces under constant heat flux. Their study reveals that small sinusoidal drifts from the smoothness of a vertical wall with a phase angle of 60 o and high frequency enhances the free convection from a vertical wall with uniform heat flux. Recently, Dalal and Das [17] made a numerical solution to investigate the inclined right wall wavy enclosure with spatially variable temperature boundary conditions. The results obtained show that the angle of inclination affects the flow and heat transfer rate in the cavity, and with increase in amplitude, the average Nusselt number on the wavy wall is appreciably high at low Rayleigh number. The natural convection along a vertical wavy surface was studied theoretically for the application of a cooling fin by Ghosh Moulic and Yao [18] . The result shows that the mean Nusselt number for a wavy surface is constantly smaller than that of corresponding flat plate. Indeed, in the renewable energy, some effort has been made in order to reduce the natural convection in the solar collector. The author has illustrated that the surface temperature was very sensitive to the drifts in the surface undulations, phase of the wavy surface and the number of considered waves. The objective of the present study is to examine the effect of inclination on fluid flow and heat transfer in lid-driven cavity with a wavy bottom surface. For the computations, the commercial Computational Fluid Dynamics (CFD) software FLUENT was used. The results are shown in terms of parametric presentations of streamlines and isotherms for various angles  equal to 0°, 45°, 90°, 120°, 150° and 180°. The effects of inclination angle on the Nusselt studied for three different geometrical (four, five and six undulations), the Grashof number is varied up to 10 4 which have Pr number equal to 0.71. The fluid used is air. The validity of this results proposed in this article is done through its application to mixed convection in the square cavity.
Analysis
The problem treated is a two-dimensional heat transfer in an inclined lid-driven cavity. The physical system considered in the present study is displayed in fig. 1 . The hot wall is wavy with a constant temperature T h , the cold wall is opposite to the latter with a constant temperature T c and assumed to slide from left to right at a constant speed U lid and the all vertical walls are considered adiabatic. The Grashof number is varied up to 10 4 while Prandtl number is fixed to be 0.71. 
Mathematical Formulation
The flow is assumed to be two-dimensional, laminar and of constant fluid properties. The variation of density with temperature is calculated using the Boussinesq approximation. Also, the compressible work and the viscous dissipation term are neglected. The dimensionless equations describing the flow are expressed as:
In the above equations, the dimensionless variables are defined by:
,,
Where X and Y are the coordinates varying along horizontal and vertical directions respectively, L is the cavity height/width, U and V are the velocity components in the X and Y directions, respectively, θ is the dimensionless temperature and P is the dimensionless pressure.
The governing parameters, namely; the Reynolds number Re, Richardson number Ri, Prandtl numbers Pr are defined in the following forms:
The physical dimensionless form of the boundary conditions can be written as: 
The shape of the wavy bottom wavy surface is taken as sinusoidal [10] . The expression of the wavy wall is given by:
A and  are respectively the amplitude and the number of undulation of the wavy wall.
The heat transfer coefficient in terms of the local Nusselt number is defined by:
Where N denotes the normal direction on a plane. The average Nusselt numbers at the hot wall are computed as follows:
Numerical Solution Procedure
The numerical method used to solve eqs. (1)- (4) is the SIMPLE algorithm described by [19] was used to determine the pressure from the continuity equation, and the discretized equations were solved iteratively in each direction along the axes using. The deferred QUICK scheme of [20] is employed to minimize numerical diffusion for the convective terms for both the momentum equations and energy equation. The mass balance for global convergence was taken as 10 -5 . The calculations were performed on Pentium IV, 1G RAM machine. The computational procedure is validated against the numerical results of [2] for a top heated moving lid and bottom cooled square cavity filled with air (Pr = 0.71). A (128x128) mesh is used and computations are done for two different Reynolds and Grashof numbers. Comparisons of the average Nusselt number at the hot lid are shown in tab. 1. The general agreement between the present computation and that of [2] is seen to be very well with a maximum discrepancy of about 12.4%. On the other hand our numerical code is then validated by comparing the numerical results of [21] , which were reported for laminar mixed convection heat transfer in a lid-driven cavity heated from below. The comparison was conducted while employing the following dimensionless parameters, Re = 500, Ri = 0.4 and Pr = 1.
Table 1. Comparison of the computed average Nusselt number at the hot plate
Excellent agreement was achieved, as illustrated in fig. 2 , between our results and the numerical results of [21] for both the streamlines and temperature contours inside the cavity.
Results and Discussion
Several grids have been tested for the case of Re = 400, Ra = 10 2 and = 90° on the lid-driven cavity compared with those of [2] . Table 2 show the average Nusselt number for the five grids used, at Re = 400 and  = 90°. It is clearly seen that there is a little difference between the five results and grid of (128x128) is used in all subsequent calculations. For all the tests investigated, the amplitude of the undulation was A = 0.05. A parametric study was carried out to determine the influence of the inclination angle , the Reynolds number Re, and number of undulations on the flow field of air. Inclination angles  range of the cavity from 0° to 180°. The Reynolds number was fixed Re = 100 to cover the large range. The influence of the undulations was examined for the values 0°, 45°, 90°, 120°, 150° and 180°. All these cases were computed for four, five and six undulations. In this article only the results obtained for the angles 0°, 90°, 180° and for four and six undulations are presented. Figures 3 and 4 show the streamlines and the temperature distribution for the configuration tested (four and six undulations). The results show that the stream contours and isotherms do not change clearly with the increasing of undulations number. The reason of this behavior is due to the increase in the velocity related with the mechanism of convection in this domain of Richardson number. Moreover; it can be observed that near the hot wavy wall, the stream contours take the wavy shape of the wall. For low Richardson number Ri = 1, the stream contours and isotherms are represented by major rotating vortices that can be observed in the center of the cavity. This case is identical with classical lid-driven flow. It observed that at the angle of  = 45°, the heat transfer is increased due to the increased steeper temperature gradients near the bottom wall and at the interface of two vortices. Figure 5 shown the variation of the local heat Nusselt number along the hot wavy bottom wall for different inclination angles in the case of four and six undulations. From the results it is clearly seen that the local Nusselt number has a sinusoidal trend for all tested cavities. The number of the peaks in the local Nusselt number curves corresponds to the undulations number of the hot bottom wavy surface. This remark is valid for all the performed angles. The maximum heat transfer occurs for an angle = 120° for the all configurations tested. We note also that for angles from 0° to 45° and for values of X varied from 0 ≤ X ≤ 0.38 the greatest value of this maximum local Nusselt number corresponds to = 45°, beyond there is a decrease along the hot wall. 
Streamline and temperature distribution
  = 0°            = 90° = 120° Streamlines = 0° = 90°          = 120° Isotherms

Variation of average Nusselt number
The influences of the Reynolds number on the undulations λ are graphically established in fig. 6 and a comparison was made by our results and the results found by [2] in the case of square cavity for Reynolds number up to 10 3 . The results exhibit that the average Nusselt number is found to increase for higher values of undulations λ. It is observed that the curves overlap slightly with each other for λ = 4 and λ = 5. Moreover, for all Re, the average Nusselt number increases with increasing number of undulations λ which indicates that the heat, transfer rate is higher for a wavy surface than that of a flat surface. The relative decrease of the mean Nusselt number, respectively for the cavity with four, five and six undulations is (2.86, 5.46, and 11.45 %) for Re = 400 and (5.84, 6.47 and 7.74 %) for Re = 10 3 compared with the average heat transfer in the square cavity [2] . On the other hand, the increase of the heat exchange area is respectively (32, 46.3, and 61.8 %) the heat transfer slightly as seen in tab. 3. Furthermore, in a solar collector for example, the exchange by radiation increases with the increase of the exchange area. 
Conclusions
This study has been concerned with analysis of mixed convection in an inclined lid-driven cavity with a wavy wall. In the present study, both cases of the effect of inclination angle and number of undulation on fluid flow and heat transfer have been considered. In view of the results, following conclusions are outlined.
High temperature gradients are observed near the hot bottom surface wavy wall which causes an increase in the convection heat transfer. While, in the another regions of the cavity the temperature differences are slight and as a result, the temperature gradients are small due to the important effect of the lid-driven.
The streamlines and temperature contours are represented by major rotating vortices which can be observed in the center of the cavity. The angle of inclination has a significant influence on the Nusselt number for three configurations tested. It has been observed that the local Nusselt number has a maximum value at λ = 6 and =120° due to increase in the speed of left lid driven side wall.
The elevation in the number of undulations at the heated bottom wall causes small vortices near the wavy wall in addition to the large one occupying the whole cavity and the thermal boundary layer becomes thick for any particular Re. On the other hand, the number of undulations at the heated bottom wall significantly affects flow and heat transfer characteristics inside the cavity. The mean Nusselt number increases compared with the global heat transfer in the square cavity [2] . It reaches respectively 11.45 % and 7.74 % at Re = 400 and Re =10 3 for the configuration with six undulation.
The results of the present study indicate that the wavy cavity with lid driven can be considered as a significant heat transfer tool at high wavy wall and low Richardson number. 
